A series of field experiments was conducted at BARI central farm to observe the changes in soil densities, moisture retentive properties, and crop productivity as influenced by different tillage depths and cropping patterns. The tillage depth showed significant effect on wheat yield. Grain yield of wheat significantly increased from 2.86 t/ha (minimum tillage depth) to 5.33 t/ha (tillage depth up to 20-25 cm). Tillage depths and cropping patterns individually and their interaction significantly affected the yield of BRRI dhan32. The highest grain yield of rice (5.82 t/ha) was found in the tillage depth up to 20-25 cm under wheat-dhaincha-T. aman cropping pattern, whereas the lowest yield (2.08 t/ha) was found in the minimum tillage depth under wheat-fallow-T. aman cropping pattern. Soil densities and soil moisture retentive properties were significantly affected by interaction of tillage depths and cropping patterns. The bulk density and particle density of soil were decreased but the porosity and soil moisture at field capacity and permanent wilting point were increased with the increase of tillage depths. Tillage depth up to 20-25 cm by chisel plough under wheatdhaincha-T. aman cropping pattern conserved more moisture in the soil profile and improved other soil physical properties i.e. reduced the bulk density, increased porosity, increased water holding capacity and available water content of soil, thus maintained an optimum soil water infiltration rate and soil strength. The study revealed that the soil physical properties were significantly improved and crop yield significantly increased under tillage depth up to 20-25 cm by chisel plough under wheat-dhaincha-T. aman cropping pattern.
Introduction
Tillage is an important agronomic practice to make the soil physically, chemically, and biologically suitable to improve seed germination, seedling emergence and for optimal plant growth. Tillage improves soil conditions by altering the mechanical impedance to root penetration, aggregate size distribution, hydraulic conductivity and water holding capacity, which in turn, affects plant growth (Dexter, 1989) . Rahman and Islam (1998) and Weiqiang et al. (2004) stated that tillage had significant effect on wheat yield. This might be due to exposure of roots to absorb more moisture and nutrients in deep tillage practices.
As a result, wheat at grain filling stage does not suffer from water shortage. Cropping pattern has immense effect on soil properties and thereby on crop productivity (Ranamukhaarachchi et al., 2005) .
Intensive cropping promotes high levels of nutrient extraction from soils without natural replenishment. Limited practices of legume, green manure, and jute based cropping patterns have led to depletion of soil organic matter content in soils of Bangladesh. Use of green manure, especially legumes in a cropping pattern could help restore crop productivity. Inclusion of cover crops or green manuring crops may be suitable in cropping patterns regarding soil fertility and crop productivity. The major cereal cropping systems of South Asia is rice and wheat grown on the same field but in different seasons during one year. Currently about 12 million hectares of land in Pakistan, Nepal, India, and Bangladesh use this cropping pattern, accounting for nearly one-fourth of the region's cereal production. After rice, wheat has become an important component of cropping pattern in Bangladesh. It is cultivated mostly after cultivation of Aman rice (Mazid et al., 1990) . Production of either rice or wheat is low comparing with many other countries because of inappropriate crop, land and nutrient management practices. Crop production could be increased by adopting appropriate tillage operation with different depths and selecting suitable crops in the cropping pattern including green manuring crops, which demands intensive field research. The overall objective of the study was to identify the appropriate tillage depths and cropping pattern for improving soil health and crop productivity and to observe the changes in soil densities, moisture retentive properties, and crop productivity as influenced by different tillage depths and cropping patterns.
Materials and Method

Description of experimental site
A series of experiments were conducted at the Bangladesh Agricultural Research Institute (BARI), Joydebpur, Gazipur during 2008-2009. The study area was under the agro-ecological zone Modhupur Tract and the soil belongs to the Chhiata series of the Grey Terrace Soils (Aeric Albaquept) under the order Inceptisols. The textural class is Clay loam having soil pH ranging from 5.5-5.7 and the land type is medium high. The climate of the experimental area is subtropical, wet and humid. Heavy rainfall occurs in the monsoon and scanty in the other times.
Treatments and design
There were nine treatment combinations comprising three tillage depths as: T 1 -minimum tillage depth (0-4 cm), T 2 -tillage depth up to 10-12 cm and T 3 -tillage depth up to 20-25 cm) and three cropping patterns: C 1 -wheat-fallow-T. aman; C 2 -wheat-mungbean-T. aman, and C 3 -wheat-dhaincha-T. aman were examined in a split-plot design with three replications.
Land preparation, seed sowing/ transplanting, fertilizer application and intercultural operation
In minimum tillage depth (0-4 cm) seeds were placed just by making furrow with a hand rake. The tillage depth up to 10-12 cm was maintained by a power tiller, whereas the tillage depth up to 20-25 cm was maintained by a chisel plough. The seeds of the first crop, wheat of all patterns were sown on 27 November 2008. The seeds of mungbean and dhaincha were sown in the fourth week of March 2009. Forty-day old seedlings of T. aman rice (BRRIdhan32) were transplanted in the second week of July 2009 at 25 cm apart from rows maintaining 15 cm hill to hill distance and 3 seedlings per hill. Necessary gap filling was done at 8 days after transplanting. The crops, wheat and T. aman were irrigated as and when necessary whereas mungbean and dhaincha were grown under rainfed condition for targeting a high yield goal of the crops in the cropping patterns the rates of chemical fertilizer for each component crop were calculated based on soil test results using the FRG 2005 (BARC, 2005 . Weeding and other intercultural operations were done as and when necessary.
Crop harvesting and data collection
Wheat was harvested in first week of May in both years. Mungbean was harvested from first to third week of June 2009. After picking the pod, the remaining biomass of mungbean was incorporated in the soil. The total biomass of dhaincha was incorporated in the soil in the fourth week of June. Rice crop was harvested in the second week of November 2009 at full maturity. For data collection of wheat and rice, ten hills from each plot were sampled randomly. Both the crop (wheat and rice) was cut at the ground level. Threshing, cleaning, and drying of grain were done separately plot-wise. The weights of grain and straw were recorded plot-wise.
Determination of different soil properties
Soil samples were collected from the experimental field at the three different sampling depths (0-15 cm) after the completion of experiment i.e., after the harvest of T. aman rice and analyzed in the laboratory for pH, OM, N, P, K, and Zn following standard procedures (Page et al., 1982) . Particle size distribution and textural class analysis of the collected soils was done by hydrometer method (Black, 1965) . Bulk density and particle density of the soil samples were determined by core sampler method and Pycnometer method, respectively (Karim et al., 1988) . The soil porosity was computed from the relationship between bulk density and particle density using the equation 1. Soil moisture at field capacity and permanent wilting point were measured using pressure plate apparatus, where available water was calculated using the equation 2 (Black, 1965) .
The collected data viz., soil bulk density (BD), particle density (PD), porosity, field capacity, permanent wilting point, available water (d) and yields were statistically analyzed by F-test to examine the treatment effects and the mean differences were adjudged by Least Significant Difference Test (Gomez and Gomez, 1984) and ranking was indicated by letters. Correlation and regression between grain yields with yield components was performed. The software package MSTAT was followed for statistical analysis. 
Results and Discussion
Effect of tillage depths and cropping patterns on soil densities and porosity
The effect of tillage depths alone on soil densities was insignificant. But the effects of cropping patterns alone and the interaction effect of tillage depths and cropping patterns on soil bulk density was significant ( Table 2 ). The lowest bulk density (1.45 g cm -3
) was recorded in tillage depth up to 20-25 cm under wheatdhaincha-T. aman cropping pattern, whereas it was 1.49 cm -3 in minimum tillage depth under wheat-fallow-T. aman cropping pattern. The higher amount of added biomass from dhaincha and coupled with deep ploughing made soil loose, porous and less squeezed and therefore, the lower bulk density was found under tillage depth up to 20-25 cm under wheat-dhaincha-T. aman cropping pattern. These findings are in agreement with the studies of Husnjak et al. (2002) and Rahman et al. (2007) . The effects of tillage depths and cropping patterns on soil particle density were insignificant but their interactions showed significant result ( Table  2 ). The soil particle density ranged from 2.55 to 2.58 g cm -3 in the surface layer (0-15 cm). It is fact that the soil particle density is not altered easily by normal physical manipulation of soil. Its value decreases with the increase of organic matter content of the soil. Legend:
T 1 -minimum tillage depth (0-4 cm) T 2 -tillage depth up to 10-12 cm T 3 -tillage depth up to 20-25 cm C 1 -wheat-fallow-T. aman C 2 -wheat-mungbean-T. aman C 3 -wheat-dhaincha-T. aman
The effects of different tillage depths and cropping patterns separately on soil porosity were found insignificant (Table 2 ). However, their interaction effect on soil porosity was found significant. The soil porosity ranged from 42.25 to 42.80%. The lowest soil porosity 42.25% was recorded in minimum tillage depth (0-4 cm) under wheat-fallow-T. aman cropping pattern whereas highest porosity was observed in tillage depth up to 20-25 cm under wheat-dhaincha-T. aman cropping pattern, where incorporation of green manure made the soil more aggregated and porous. As the porosity is calculated from the relation between bulk density and particle density of soil, it is very much influenced by the soil bulk density as particle density is not greatly altered by the agricultural manipulation.
Effects of tillage depths and cropping patterns on soil moisture retentive properties
The effect of different tillage practices on soil field capacity (FC) was found significant, but cropping patterns did not show any significant effect on it. However, the interaction effect of tillage depths and cropping patterns on FC was found significant (Table 3 ). The soil moisture at field capacity varied from 24.11 to 31.33%. The lowest FC of 24.11% was recorded in the minimum tillage under wheat-fallow-T. aman cropping pattern and the highest was 31.33% in the tillage depth up to 20-25 cm under wheat-dhaincha-T. aman cropping pattern.
The bulk density of initial soil was 1.52 g cm -3 , which decreased to 1.45 g cm -3 in the surface layer under wheat-dhaincha-T. aman cropping pattern, which indicated that addition of sufficient amount of biomass in conjunction with tillage made surface soil loose and porous, thus enhanced the capacity of soil to store and retain more moisture. Therefore, the field capacity of surface soil was increased. 
Legend:
T 1 -minimum tillage depth (0-4 cm) T 2 -tillage depth up to 10-12 cm T 3 -tillage depth up to 20-25 cm) C 1 -wheat-fallow-T. aman C 2 -wheat-mungbean-T. aman
The permanent wilting point (PWP) varied significantly due to different tillage depths, cropping patterns, and their interaction (Table 3 ). The lowest PWP (10.48%) found in the minimum tillage depth (0-4 cm) under wheat-fallow-T. aman and maximum value of 15.58% was recorded from tillage depth up to 20-25 cm under wheat-dhaincha-T. aman cropping pattern. Similarly available water content of soil under wheat-dhaincha-T. aman cropping pattern was higher than that of wheat-fallow-T. aman cropping pattern because of more organic matter addition in soils through green manuring using dhaincha. This attributed to the higher PWP of soils under wheat-dhaincha-T. aman cropping pattern. The effect of tillage depths and cropping patterns interaction was found significant on available soil water content (Table 3) . However, available soil moisture was found in increasing trends from minimum to 20-25 cm tillage depth. This indicated that tillage depth up to 20-25 cm particularly in the rabi season may help increase the available water contents. By manipulating soil moisture dynamics with tillage could be one of the more feasible ways of increasing yields of crops (Rahman and Islam, 1998) . The available water content was found positively correlated with the root mass density (Fig. 4) .
Effect of tillage depths and cropping patterns on root mass density
The interaction effect of tillage depths and cropping patterns on root mass density was found significant in all three sampling depths. The highest root mass density (9.15 mg cm -3 ) was observed in tillage up to 10-12 cm depth maintained by chisel plough under wheat-dhaincha-T. aman cropping pattern, whereas the lowest root density (5.96 mg cm -3 ) was found in zero tillageunder wheat-fallow-T. aman cropping pattern at 0-15 cm soil depth (Table 4 ). The root mass density ranged from 9.15 to 5.96 mg cm -3 and 1.12 to 2.84 mg cm -3 in the surface and the subsoil layer, respectively. At 30-50 cm depth, root mass density ranged from 0.70 and 1.82 mg cm -3
. The lowest root mass density 0.70 mg cm -3 was recorded in zero tillage under wheat-dhaincha-T. aman cropping pattern in the deep soil layer (30-50 cm depth). With the increase in soil depth the root mass density decreased (Table 4) . It may be due to the incorporation of biomass from sesbania, which favored higher growth of plant roots (Kulakova et al., 1996) . The result of this study are in agreement with the observation found by Hassan et al. (2005 ), Matin (1996 , Khan et al., (1997) and Vars et al. (1998) . 
Impact of tillage depths and cropping patterns on yield of wheat and rice
The effects of tillage depths on grain yield of wheat and rice were found significant and varied among three tillage depths ( Fig. 1 and 2 ). The highest yields of both the crops were found under the tillage depth up to 20-25 cm and the lowest yields were obtained in the minimum tillage depth. The deep tillage (20-25 cm) might have favoured the roots to proliferate down into the deeper layers of the soil profile to extract more nutrients and moisture that has led to higher growth and yield of both the crops. Higher tillage depth favorably influenced the soil-water-plant ecosystem, thereby improved crop yields and quality (Ardell et al., 2000; Ranjan et al., 2006; Jabro et al., 2010) which is in agreement with the present findings.
Different cropping patterns showed a significant impact on grain yields of rice. The highest grain yield of rice (4.14 t/ha) was recorded in wheat-dhaincha-T. aman cropping pattern, which was statistically similar to the yield of rice found under wheat-mungbean-T. aman cropping pattern (Fig. 3) . This might be because of incorporation of biomass in soils using mungbean and sesbania (Table 4 ). The incorporation of biomass released nutrients to soils, improved physical environment of soil and enhanced crop uptake and thereby increased crop yields (Reddy et al., 2004) . Interaction effects of tillage depths and cropping patterns on crop yield were also found significant. 
Interaction effect of tillage depths and cropping pattern on the crop yields
The yield under interaction of both the variables was found insignificant. 
Conclusion
Deep tillage (20-25 cm) by chisel plough under wheat-dhaincha-T. aman cropping pattern have improved the soil physical environment, made the soil softer indicated by reduced bulk density, increased the moisture retentive capacity of soil and ultimately favoured in increased yield of both wheat and rice crops. The lowest yield of both the crops was found in minimum tillage under wheat-fallow-T. aman cropping pattern.
